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linked to familial Alzheimer's disease 
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To determine whether the presenilin 1 {PSI}, presenilin 2 (P5^ and amyloid P-protein 
precursor mutations Unked to f^mim AlzheimeKs disease (FAD) increase the 

extracellular concentration of amyloid p^proteln (Ap) ending at Ap42{43> fn Wvo, we 
performed a blinded comparison of plasma Ap levels In carriers of these mutatloris and 
controls. Aai-42(43) was elevated In plasma from sub|ects with FAD-Hnked P57 
iP < 0.0001), P^...,. (P = 0.009), APP,,^^,i, (P< 0.0001), and APP^,. (one sub|ect) n)Utat(om. 
A3 ending at AIi42(45) was also slgnmcan«y elevated In fibrobtast media from subjects with 
PS1 (P < 0.0001) or PS2 (P ^ 0.03) muUitions. These findings Indicate that the FAD-llnked 
mutations may all cause Alzheimer's disease by increasing the extracellular concentration of 
Ap42(43), thereby fostering cerebral deposition of thi$ highly amyloidogenlc peptide. 



Amyloid ^-protein (A|3) ending at Ap42(43) is deposited early' 
and selectively^-* in the senile plaques that are an Invariant fea- 
ture of all forms of Alzheimer's disease <AD). It ts now well 
established that AP is a secreted peptide that is noxmaUy released 
from the amyloid [i-protein precursor (pAPF) through cleavagti 
by proteases referred to W (5 and 7 sccretase'^ Most secieted In 
human cerebrospinal fluid and in medium conditioned by cul^ 
tured cells is A(31-40, but a small component is Ap 1-42(43)^ '"/ 
which forms Insoluble aggregates much faster than Apl^O 
in vitro''-'\ 

Because A3 deposition is an early and constant feature of AD, it 
hi4S been hypothesized that the AFP and preslnllln PSl and PS2 
mutations that are known to cause early-onset familial 



Alzheimer's disease (FAD)^' *' act to fojitcr Ap disposition t>ithcr by 
increasing the extracellular concentriiticm of A p or through soine 
other mechanism. We previously analyzed f ibroblavits''*' from ^ub~ 
lects carrying FAD-Jlhked APP mutations or cells transfoctcid with 
mutant APP cDNAs (ref. 27-29). These studies showed that ttie 
APP mutation lust amino terminal to Aji (APPKrros,waT J coordi- 
nately iincTea?;es the extracellutar concentration of A(il-40 and 
Aplw42(43)^*-^» and that the FAD-Unked mutations carboxy termi^ 
nal to Ap (AFFvM7(.v..,vi) selectively Increase the concentration of 
A|31-42(43)^'^". In the present study, wo analysed the <ff feet of the 
APP, PSl, and PS2 mutations on the coiacentratton of Apl~40 
and A(il -42(43) In plasma and in medium conditioned by skin 
fibroblasts/ reasoning that mutations in these widely expreii^ed 
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Fig, 1 Analysis by feversed-phase HPUC <if the AP in human 
pj^sma. Plasma <50 ml) was appfied to a 6AN-5Q immunoaffinity 
column- Adsorbed materials were eluted with 1 mf of 60<J& CH,Ct4 
containing 0.2% TFA, and the eluate was lyophifized and further 
fractionated by reversed-phase HPLC on a VydaC C4 colunr^n (4.6 X 
250 mm). Altquots ffom fractions were analyzed by BAN-50/BA-27 
(upper panel) or BAN-5O/BC-05 (tower pone/) EUSA- 



genes would llKcly have a generalized effect, operative In perlph- 
eral as well as br^in cclls. 

Plasma mea^^ur^ment of Api-^ and Ap1-^»2(43) 

To determine whether A(Jl-40 and Apl-42(43) could be detected 
in human plasma, we analyzed samples obtained conveDtionally 
from young volunteers by using EDTA as the amlcoagul<int- In 
all plasma samplciJ, A? was readily detected using the well- 
characterized BAN-SO/BA-27 and BAN-50/BC-05 sandwich 



ELlSAs that spftcUicaily detect Al5l'-40 and ApX~42(43), respec^ 
tlvely, in medium conditioned by tmisfected cells expressing 
GAPP (ref. Z9), To be sure that the signal measured in plasma 
were due to the targeted Aps and not to cross-teactlng proteins, a 
BAN-50 (£inti-Api-16) column wa,^ used to capture the A^ in 
50 ml of plasma, the affinity-purified protein was separated by 
reversed-pJiase HPLC usln^ a C4 column, and each of the rele- 
vant fraction was analyzed with BAN-SO/BA-2/ and 
BAN.SO/BC-05 dSS*yS- As expected^ the DAN-50/BA-27 assay 
only detected plasma Ajl eluting from the C4 column at the same 
time as synthetic Api^O, and the BAN-^SO/BC-OS assay only de- 
tected A^ eJuting at the same time as synthetic A|il-42 (Fig. D. 
Analysis Of synthetic A31-40 and Api-42 peptides in this same 
paradigm showed that recovery from the BAN-50 column was 
approximately 40% for both APl-40 and Apl-^2, and that the 
recovery of ApI-40 and Apl^42 from tiie C4 column was 66% 
and 28%, respectively. Assuming simitar recovery of the Ajil^Q 
and A(31-42(43) In plasma, we estimate that more than 95% of 
the BAN-50/BA-27 and BAN-50/BC-O5 signals directly measured 
in plasma were due to A^T-^O and Api-42(43), respectively. 

Plasma Ap In subjects with famlUal or sporadic AD 

In three separate studies, wc performed blinded analyses of 
plasma Afi in subjects with FAD-Unked mutations or sporadic 
AP These three studies assessed; (1) 12 carriers (sevqn prysymp- 
tomatic and five symptomatic) and 31 n<:>ncarriefs In the 
Swedish Ai>^,„.,M.,«. family; (Z) 9 subjects that carded one of four 
different P51 mutaUons (one presymptomatic and cjght sympto^ 
matlc), 3 symptomatic subjects with the Volga Gennan P52^,,„ 
mutation and 1 symptomatic subject with the AJf>Pv,ut mutation, 
and 14 control subjects: and (3) 71 edderly patients with spamdie 
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Fig. 3 Ap42(43) in medium conditioned b/ fibroblasts-from sub- 
jects wtth FAP-iinked PS1/2 mutations. We analyzed 26 fibroblast 
jln^s with PSl mutations and 30 control lines In a scries of six expeH- 
menti, and 3 lines with PS^kmm mutations and 8 additional control 
lines in a second series of four experiments. Each line was analyzed 
In 2-4 experiments; values plotted show the means for ad measure- 
ments on day 5. upper panel. Mean ± s.e.m. for each group; hw^t 
panei values for the individual subjects In each group. Carriers of 
FAD^inked mutations and at-risk noncarrlers were Identified conven- 
tionally by PCR using appropriate primers. 



AD and 7S controls matched for age, sc;x and etJinlclty. The sta- 
tistical analysis of these plasma studies and the fibroblast studies 
thfit are reported below was performed using the nonparametrlc 
rank sum test, a conservative test that makes no assumptions 
about sample distribution. Because v^c specifically tested the 
hypothesis that the mutations incrt-ase ApI-'40 and/or 

Apl"42C43), the lvalues reported arc for a one-tailed test. These 
values are one-half of those for the more conservative tTvo-t«iiled 
test. 

Plasma Api-42(4:^) conctintra^tions In the 31 controls of the 
first study <>lP/'K.mv,M,.rn) (28 ± 2 r>M), the 14 controls of the sec^ 
ond {PS1/:2) mutation study (.^0 ± 2 pM) and the 75 controls of 
the third (sporadic AD) study (27 ± 3 pM) were essentially identi- 
cal (Fig. 2a). The mean concentration of plasma Apl-42(43) was 
highly significantly increased (Fig. 2a) both in the group «f 
8 symptomatic subjects wtth PS^ mutations (PSit,2,).jv^ PS^Mt^^.v. 

or P57,.,„J (59 ± 7 pM, /> < 0,0001) and in the 7 presymp- 
tomatlc (57 ± 3 pM; P < 0.0001) and $ symptomatic (67 :i: 10 pM, 
P ^ 0,0002) subjects with APV^^,,^_^,nL mutations, compared with 
the 45 age-matched controls. A simUar increase In A (3 1-42(43) 
was observed in the single presymptomatic subj^jct with a PSl^mnv 
mutation (^5 pM) and the single symptomatic .subject with the 
APP^.^,t mutation (47 pVI). in the three symptomatic subjects 
withVs^HHu mutations (Fig. 2ah mean plasma Apl'-42(43) was 
also significantly iP = 0.009) In- 
creased (43 ± 5 pM). Plasma A|51~40 
in the 12 carriers with AP/'Kft?ns,M^.n(. 
mutations showed a marked, highly 
Significant (P < 0.0001) Increase that 
was essentially identical In the seven 
presymptomatic {P < 0.0001) and 
five symptomatic 0.0002) card- 
ers making up that group (Fig. 22)). 
Mean plasma Apl-40 did not, how- 
ever. Increase In sporadilc AD or In 
subj<iCts with PSl/2 or A/->Pv7.7i -muta- 
tions (Fig. Zb), 

Thus, th^ mean concentration of 
Apl -42(43) was consistently In- 
creased In th.t> pljksma of sub|ects 
with eacli type of mutated gene 
known to cause early-onset familial 
AD. and this Increase was uaequivo- 
caUy significant (P < O-OOOl) when 
ah 25 subjects with I'AD-Iinked mu- 
tations were compared with all 45 
age-matched controls analyzed in 
tlie first two studies. In the 12 sub- 
jects with PSi or 2 mutations, there 
was an unequivocal (P < 0,0001) se- 
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lettive increa,se in the mean concentration of Apl-42(43). As ex- 
pected from previous studies"'- *", there was an increase In both 
Afii_40 and Api--42(43) In subjects with the Ai>jP«^y,>N,M97.i. muta- 
tion, but a selective increase in A(il-42(43) in the sutafect with an 
APPvn n mutation. 

In the third study, the mean concentration of AI31^2(43) wa$ 
not significantly increased In the 71 stibjects with late-onset 



Table 1 A3 from FAD (P S1 mutaint )"and cont rol fibroblasts, an aly zed by experim ent 
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N4*afiPAD2(;Sin2i:aMy> 
|pM<in L femUt/ FAD 0\ A^aaofv) 



Kxp«r)m«nt S 

\tm FAD2 CSlfl2t2UV) 
Miwfi CftftfMl „„.^,^_^ 



k 1 

flAf I* iynma»i$ 



1.74 <0.» 



1.7a ±0.2(1 
1.36 ±0.21 



1 .7A X Q.3B 



1 ,68 1:0.01 



1 .7<i * 0,30 
1 .^M » 0.01. 
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fl.t ±3.9 14.6 » ^.9 
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>)1.4^ 7.3 
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1.45±d.S0 
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1.80 m 0.06 
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2.^2 a 0,59 
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NM 
NM 
NM 
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t?.2±1.7" 12.Bm2.4^ 
3.2 * 2,2 4.4 A 3.0 
12.1 * 2.0^ 9.6 ±2.2^ 



AflX~42/ftAP^tyn. 



1,7 1 1.0 

9.2 a 2.7' 



0.7 ± 0.7 



% 5,3 
lot 



NM 
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51.5 ± 17.3 

96.0 ;e 25.1 
SqtfljtlO.T^ 
?Xi *4.1 
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NM 



KM 
NM 



103.a 



r2<L1 



27.6 ii 



27.4 *6.a 



jq.at 0.1. 



t>y.3 ± 7,a 

35.2 0. 3.6 



10,2£3.a 9,4 ±3.1 
20.3 ±a.3 20.1 
ia.a»2.2 12.Qit:2.a 



30.1 ±7.7 
W.Bt. 4.!i 
20.fl ^ 6.2 



49.<» m ia.9' 
la.d t:M 
3UA±*.4 
20.11 ±«L0 



MM 
NM 
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6,5 ± t,4" 
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2.3 ± Q.fi 
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*R < 0.05; ''f < 0,01 ; **P < 0.001 by Student's unpai red Mgst, 
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Table 2 AP ^ram FAD fibroblasts 
(means of all ejtperlnientji, day 5) 



Coll Una 


Pnmlly 


$ttttua 


AWHAPP aynthoalB 






AB42(43> 


AQOTfiiaA 
A(a04159A 
AG06O44C 
AQO0A4OB 

A0oaa48ia 

AQOeiTOA 

A<s<iy«7i 
AC59&iea . 
A(3oai7a 

AG07617 
AG107088 


FAD1 iP&1 AMflE) 
FADI (PiSJAi^tiE) 

FADI (P5f AWn^) 

PAD1 <P5yAa*eE) 
FADI iPSlf^t) 
FADI <P5f*MM) 
PA01 (PSf A246e) 
FAO^ <PSTAjmhE> 
FA01 (Pdrw««:) 

FAOI (P5;mh«> 


A& 

AP 

AD 

AD 

AD 

AD 

AD 
prnnymp 
Prtitymp 
PniBymp 
Preoymp 
PnMymp 


25.2 

€2.4 

15.9 
37.6 

)■(£•/ 
SO.2 
44.1 
40.7 
64.2 

o.r 


10.4 
14.5 
13,1 
11.0 
4.3 
8.2 
6.3 
3!9 
2.3 
5.5 
12.7 
0.0 




n * i=A01 l!n*« 


2?? - 


35.4 ± ^.3* 


7.6 ± 1.4^ 


AOOasZTA 
AQOeBAlA 

Aiage^Bs 
AcsoesasA 
AiatjasBT 

AQD^W 

At3Dae45 

AQ0EH71 
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PADa(PS7La(i(tv) 
PAOa (PSJutaBV) 
FADS (PSuuav) 
FADa {PSilst&AV) 
FADZ (PS^LiBiV) 
FADS (P^TLfiMV) 
FAD2 (PSfLJttlV) 
FADRCP.9»i^M^ 
FAD2iCPSrU'>q\r) 
FAC?2<PfityUMV) 


AD 

AD 

AD 

AD 

AD 
P(«eymp 
Pmdymp 
PWaymp 
Pntfiyrrip 
PfBirymp 


3e.4 
i9.a 

25.3 
57.1 

2e.d 

20-S 
14.ii 
26.5 
0.5 
1.4 


6,9 
3.9 
2.7 
5.4 
2,3 
4.& 
3.9 
5,9 
0.4 
0.4 


Mee 


in A 5E FADS llf>Mj 


flSl 




3^ ± o.e 


L802 


LfnmlV [PSIoisav/i 
Lfaml!y(P«ya209V) 


AD 
AP 


91.0 


23.4- 
34.7 


tA 


ttnn L family II n9* (! 








KH 


SvitfFJnn [PS/Mi«v) 
$Vit/Plnn {PS*M14ftVt 


AD 
AD 


90.3 
71.8 


11.0 


Me 


an swadt/Ftnr* Una* 


<a> 


81,0* 


13.8*» 


M«»n ac SE all P^i Hn©* (26) 


36.8 X SJZ* 




VQ1 


VO (PSZNi4-(l) 
VQ fPfi2Nt4H) 


. AD 
AD 
AO 


S2.6 

43.a 

5.8 


12,6 
9.0 

1.2 






223 « 0„5!- 


7.a * 34' 



tP< 0.0001; **P<;0.01; *P<0.05 by onft-talled rank $um test compared 



with 36 control lines In Table 3. 



spoTsdic AO (29 ± 2 pM) (I-'ig. 2b) compared with the 75 age- 
m&tched control subjects (27 ± 3 pM). This observation and our 
finding that 1-42(43) was significantly increased in all cight 
presymptomattc gene caTilers (.seven with APl\,.fn:4,M,\m. ii^iiiiaiions 
and one wSth a PSl„,,„y mutation) iadicate that the increased 
AP 1-4.2(43) observed in suhjccts with FAD-linked Al>P and PS 1/2 
mutations occurs as a direct consequence of the mutations and 
not as an indirect manifestation of the AD state or oi altered nu- 
trition or drug intake that might he associated with the AO state- 

AP \n medium <ondltloned by fibroblasts from FAD subjects 
To obtJjjn further ^nd independent evidence that the FAD-linked 
PSl/2 raut«vtion<i increase Ap42(4.S), we quantified the se- 
creted by primary skin fihtol^lasts, since these cells are known to 
express th^ PSi (t. tcvcsquo et at., manuscript submitted) and 
PS2 (ref, 17) gcrn-^s, Cotvditioned medium was analyzed on days 
2-5 in Vitro for A{il-40 (BAN-50/BA^27 ELISA) and on days 4 and 
5 for A|i ending at Ai542(43) (BC-0S/4G8 or BAN-SO/BOOS 
ELISA)*'^^ M a denominator, PAPP synthesized during :20-mlnutc 
labeling with ["S|methiontn« was quantified in the lysatc of 
each fibroblast line. The Apl-^.0 and Ap ending at A(3i42(43) 
[AP42(43)1 secreted by each line were normalij^ed tvx thit line's 
pAPP synthesis to assess Apl-lt) and A(342C43) iiccumulalion per 
molecule of [3APP synthesized. 

Control fibroblasts and fibroblasts with FAD41nked PS I muta- 
tions showed no significant difference In pAPP synthesis (Table 



Table 3 Ap from control fibroblasts 
(means of all experim e nts^ day 5> 
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FA02 


17^ 


' 0.0 
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iB.a 


9.4 


AQOOISI 


FADa 
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AG0(MS?5 


FAP« 


51.4 


4.5 




FAD2 


20.1 




AaH)17S 


KAP£ 
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AQOBSIfi 




1.S 


1.0 


AQDBSB1 


FADS 


30.0 


4.0 


AOOSMT 


FAD2 


1.2 
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FAD2 
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2.2 


JYM 


S«Md/Rnn 


73.7 


4.5 




awod/FInn 


40.4 
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Sw<id/F<nn 
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aw*(VFlnfi 
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VQCB 




12.6 
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Moan t: SE 00 


ntrol Itnea (3&> 


23.2 It 3.1 
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1), Our initial analysis of ,S-day conditioned medium from 11 
FAD (seven FADI, four FAD2) and 7 control lines matched for 
age and passage number, showed significaot iticreases In Api-40 
(P < 0,05) and AP4Z(43) iP < 0.01 ) both before and after normal-^ 
ization fox pAPP synthesis (Table 1, Experiment 1). Wo pursut^d 
these observations by performing five more experiments in 
which wc compared a total of 30 control )ines and 26 lines with 
I'AD-linkiid PSJ mutations. In the six experimmts, we made 15 
eonip-ariitive measufements of (Ap42(43)/pAPP synthesis) in con- 
trol fibroblasts versus groupr; of fibtroblasts with four different 
PSl mutations (Table 1)/ and in each comparison, 
Ap42(43)/pAPP synthesis m the PSl mutation lines always 
ceeded that in the coatrol hnes (Table 1), 

In a s^icond $ct of four experiments, we comp^-red three fibrob- 
Ust lines from sub)eccs with P52„,,„ mutation* with t>ight other 
control lines, In these four experiments, we made six compara- 
tive rne;asutem«nts of (Ap42(43)/pAPP synthcsl.-v) in the group of 
tbrc^e lines with PS2^,,^, mutations and the group of eight control 
lines, and in each comparison, AP42(43)/pAPP synthesis in the 
P52^,,,„ mutation lines again ex^ceeded that In the controls- The 
values obtained (means ± s.e.m.) for (Ap42(43)/pAPP :,yathesis) 
and (Apl-40/pAPP synthesis) in the 29 lines with PSl or PS2 mu- 
tatlons and the 3S' control hnes are listed in Tables 2 and 3, 
respectiviily. ,^ v,, 

The amount of AP secreted by fibroblasts varied considerably 
from line to line (Fig. 3). Nonetheless, in 5-day conditioned 
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medium, th<>ru wn$ n highly significant (/> < 0.0001) "ovf^rall in- 
crease In mean Ap42(43)/(iAPP synthesis in the 26 lines with PS 2 
mutations (8,2 ± 1.5 pM) as compared with the 38 control lines 
(2,3 ± 0.3 pM) (FJg. 3, Tables Z and 3), When we compared mean 
A1342(43)/^APP synthesis in the 38 controls to specific groups of 
mutant UnG$, we found (1) significant increase* in the two 
PSl,,^^ and two P5Zm,«v Unes from symptomatic suhiects (P » 
0'.009 for each mutation); (2) a signifjcant (P = 0.0002) increase 
in the twelve PSI^.^,^ lines (seven symptomatic and five presymp- 
tomatic); and (3) a significant (jP 0.03) increase in the three 
symptomatic jP52n,*„ linos. The ten lines with /^5J,,^,v mutations 
(five synnptomatic and five presytnptomatic) also had elevated 
mean A(i42(43)/pAPP synthesis, but this increaitc was smaller 
than that observed for the other mutations and did not reach 
statistical significance (P = 0.052) . 

We also observed a significant (P - 0.02) overall increase in 
(Apl-40/pAPP synthesis) in the 26 lines with f*ST mutations 
(36.8 ± 5,2) as compared with the 38 controls (23,2 ± 3.1). 
Significant increases in Api~40/PAPP synlhtsis were observed in 
the lines with P5J!,„,, C^' ^ O.OS), PSl,,,^ (P - 0-02), ajid P^I^n^v C^* 
■* 0.01) mutations but there was no increase in the lines with a 
PSla,,^ mutation and the increase in lines with a P5^f:t„, muta- 
tion was not significant (P = 0.17) (Tables 2 and 3), Thus 
Apl-40/^APP synthesis appeared to increase in fibroblasts with 
some FAP-Iinked PSl/2 mutations, but the effect was not nearly 
as pronounced or definite as that observed for Ap42(43)/(5APP 
synthesis. 

Our study strongly suggests that a fundamental, generalized ef- 
fect of the i^AD-Iink^id AFP, PS I and FS2 mutations is to Increase 
the extracellular concentration of Ap42(4:-i>. The plasma data are 
particularly important because they establish that these muta- 
tions increase extracellular Ap42(43) in vivo. This effect Is likely 
to be directly related to the pathogenesis of AD. because 
Ap42(43) Is deposited early' and selectively^^ In the senile 
plaques that are an invatlant feature of all forms of AD. Thus our 
results suggest that the FAD-l inked mutations may alJ cause AD 
by increasing the extracellular concentration of A|342(43)> 
thereby fostering Ap deposition, and th<ty Support the hypothe- 
sis th^t cerebral AP deposition ts an essential early event In the 
pathogenesis of AD, Although this makes reduction at Ap con- 
centration and pxevention of Ap deposition attractive as 
therapeutic targets in AD, it does not mean that pathologic 
changes that may result from Incf eased A^ concentration and/or 
Ap deposition (such as paired helical filament formation) are 
poor therapeutic targets, because the utility of preventing any 
pathologic change in AD depends on its importance in the de- 
velopment of dementia rather than on its relative position in the 
pathologic cascad*2 that produces dementia. 

it is possible that it is not A^ deposition p^f ss that triggers AD 
pathogenesis but another change caused by increased extracellu- 
lar AP42(43), such as the formation of soluble complexes 
containing Ap42{43) that are toxic. Toxic, soluble complexes of 
this son could, in principle, foster incidental AI5 deposition that 
is not critically Important for AD pathogenesis, even tlrough Ap 
deposition and the changes associated with it would invariably 
occur during the pathogenic process. It Is also possible that the 
FAD-linked mutations all initiate as-yet-unldentlfied molecular 
changes that lead to both a cascade of increased Ap42(43) con- 
centration, Ap deposition, and perhaps even neurltlc plaque 
formation that is unrelated to the deveJopment of dementia, and 
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a separate pathologic cascade, possibly Involving paired helical 
filament formation, that does lead to dementia. Given the bur- 
geoning evidence that Ap deposition or something closely linked 
to AP deposition is toxic in vitro and in vivo and the lack of evi- 
dence that the FAD-llnked mutations produce changes unrelated 
to increased Ap42(43) that are involved in AD pathogenesis, we 
think that It is highly unlikely that the increased axtracellulai 
concentration of AP42(43) produced by the FAD-iinked muta- 
tions is an epiphenomenon. Importantly, plasma Ap42(43) was 
Increased In all of the ptesymptomatic carriers that we exam- 
ined, and It was not Increased in the vast majority of 
symptomatic sporadic sub|ects- Thus elevated Ap42(43) is not a 
secondary phenomenon of the AD state. 

The mechanism underlying the Increase In AP42(43) caused by 
PSt/2 mutations remains unclear. It has been suggested that the 
prcscnlUns may be involved in the intracellular trafficking of 
membranous veslcles'\ Thus, the presenilin missense mutations 
may alter membrane protein trafficking in a way that subtly en- 
hances the exposure of PAPP to the y sccretase that cleaves at 
Ap42, thereby increasing Ap42(43) generation. 

It Is, In our view, unlikely that cerebral Ap42(43) deposition is a 
direct result of the increased plasma Ap42(43) we report in sub- 
jects with FAD"linked APP and PSl/2 mutations. Rather, Ap42(43) 
deposition Is presumably due to an increase in its extracellular 
concentration in the brain that occurs as part of a generalized ef- 
fect of these mutations In neural and nonneural cells, all of which 
are known to express pAPP and to secrete Ap constltutlvely. It was 
reported recently that AP42 declines in cerebrospinal fluid (CSF) 
samples from J^ome patients with sporadic AD (ref. 31), To explain 
this finding, it was suggested that preferential deposition of 
Ap42(43) as Insoluble deposits In AD brain may lead to reduced 
CSF levels of the soluble peptide^ as occurs in another inherited 
CN5 amyloid disease, cystatin G amyloidosis in Icelandic families, 
in which the level of the amyloid-forming protein Is also reduced 
in the CSF of affected Individuals undergoing progressive amyloid 
depOSitjon''^, Once cerebral Ap deposition is undt-'t way, the data 
of Motter &t alJ"' suggest that the concenlratlon of CSV Ap42(43) 
will decline, often to levels that are lower than normaL Because 
AP42(43) deposition apparently occurs long before symptoms are 
evident, It will be important to examine Ap42(43) CSF levels both 
in young carriers (in whom Ap deposition may be minimal) and 
in symptomatic carriers to establish that C$F Ap42(43) Is elevated 
initially in subjects with PSl/2 mutations, as suggested by our 
data, but declines when cerebral Ap deposition accelerates as sug- 
gested by Motter et aV^ 

Increasing extracellular Ap42{43) concentration is only one of 
several mechanisms that could foster the cerebral Ap deposition 
that invariably occurs in AD. Our xcsults suggest that the muta- 
tions that cause eatly-onset FAD may all act through this 
mechanism, but our data also show that the AP42(43) deposition 
that occurs In most sporadic AD patients is not caused by a gen- 
eralized increase In extracellular Ap42(43) concentration that is 
evident in plasma. In sporadic AD, cerebral deposition of 
Ap4Z(43) must be caused by other factors, such as a local increase 
in the secretion of Ap42(43), alterations in Ap binding proteins 
(for C3camplc, ApoE, ref. 33-36) that Increase the r^ite of deposi- 
tion, or an Impairment of the cerebral mechanisms that 
normally remove soluble or deposited A p. 

Although most of the sporadic AD patients that we examined 
clearly did not have Increased plasma Ap42(43), inspection ol 
the data from 71 sporadic AD patients and 75 controls (Fig. 2) 
shows that In 11 of the 146 subfects examined, Apl-42(43) was 
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elevated (Fig, 2b) into the range observed In subjects with xh^\ 
FAD-linked AFP, PSX and PS2 mutations. In this group of 11, the 
frequency of sporadic AD was substantially and significantly (P < 
0,03) increased. Nine of these 11 h^d sporetdlc AD and thss two 
unaffected Individuals were younger subjects stilJ at risk for AD. 
Five of the 11 were over the age of 80 and each had sporadic AD. 
Remarkably, two of the nine subjects with elevated plasma 
A^l-42(43) showed this elevation before the onset of clinically 
apparent disease — they were in the control group Initially and 
subsequently developed AD. Thus it is tempting to speculate that 
an elevated concentration of A(31--42(43) that is detectable In 
plasma may play a part in 10-20% of sporadic AD cases and that 
this elevation may present before symptoms develop. Further 
studies are needt^d to determine whether individuals who have 
elevated plasma AP1-42(43) are, in fact, at greater risk of devel- 
oping AD and, if so, whether there is a genetic basis for thqir AD- 

Methods 

Analysis of plasma Apt-40 and AI31-42(43). Symptomatic and 
presymptomatic carriers of PAD-llnked mutations and at-risk noncar- 
ricrs were identified convendonaffy by PCR using appropriate 
primers. For the study of sporadic AD^ probable AD patients who 
were part of an Alzheimer's Disease Patient Registry^^ and corre- 
sponding control subjects of similar age and sex who were also 
enrolled ip a larger, epidemioiogical AD case-controi study*' were 
evaluated by consecutive identification number. The clinical diagno- 
sis of AP was based on National Institute of Neurological and 
Communicative Disorders and Stroke-Alzheimer's Disease and 
{^elated Disorders Association criteria". Slood was drawn into tubes 
containing EDTA. As rapidly as possible, cedukr material was pel- 
leted by centrifugation. Plasma was then hoz^tn in 1 -ml ailquots and 
stored at^yo** C. To assay A^l^O and Ap1-42(43X plasma (300 
was mined with 525 ^l of EC buffer'" and 75 til of CN0 reactivated 
Sepharose beads (Pharmacia) covalently cross-linked to a nonspe- 
cific IgClk monoclonal antibody. This mixture was rocked at 4 
for 2 h and the beads removed by cen trlfugation. This preabsorptlon 
with nonspecific IgGlk reduces signal associated with nonspecific 
proteins and is particularly helpful in the BAN.50/BC-05 assay, 
Nlnety-slx-well iTiIcrotlter plates that had been coated with SAN-SO 
(ref. 29) were washed twice with PBS (1 00 mM phosphate, 150 mM 
NaCt pH 7.4), and 50 ix\ of EC buffer was added to each well to pre- 
vent drying. The preabsorbed supernatant 0 00 was then added 
In duplicate to the microtiter wetls and BA-:27"HRP or 8C-05-HRP 
were used to detect A^T^O or A^l -42(43), respectively, as de^ 
scribed'^ In addition to experimental plasma samples, each plate 
contained known concentrations of synthetic Ap1-40 or Apl-42 in 
EC buffer (used to construct a standard curve for determining the 
concentration of Ap in each of the plasma samples) and known 
plasma samples from young volunteers that weret used as standards 
to normalize the values obtained on each plate. 

Specificity of plasma Api^O and AP1--42C43) assays. Plasma 
(50 ml) was applied to a BAN-50 column consisting of 0.75 mg of 
the antibody immobilized to 0,1 g of Tresyl Toyopeari resin. 
Adsorbed materials were ciuted with 1 ml of 60% CH,CN containing 
0,2% trifluoroacetic acid (TFA), and the eluate was lyophilized and 
further fractionated by reversed^phgise HPLC on a Vydac C4 column 
(4.6 X 250 mm). In the fractionation, CH,CN concentration (con- 
taining 0.1% TFA) was kept at 23-75% for the first 5 min and then 
linearly increased from 23-75 to 32.75% over ^0 min at a flow rate 
of 0.5 ml/min. Aliquots from fractions were analyzed by BAN-50/BA- 
27 or BAN"50/BC^0S ELISA (ref. 29). When a BAN-50/BC-05 
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sandwich ELISA Is used for analysis, synthetic Ap1-43 is detected 
with less sensitivity than Api-42 by a factor of 1 0. Since some of the 
plasma Ap detected by BAN-50/BC-0S ELISA may be Apl -43, this Ap 
Is referred to as API -42(43), Synthetic Apl -40 and A^1-42 run im- 
mediately before the etuate from the BAN-50 column, eluted, 
respectively. In fraction 79, and as a broad peak In fractions 85-^90. 
Thus, in plasma, as In medium conditioned by transfected cells" the 
BAN-SO/BA-27 and BAN-50/eC-05 ELISAs recognize A^s that coelute 
with synthetic Apl-40 and Ap1-^2, respectively. Recovery of A3 ap- 
plied to the BAN-50 column was -40% for both Api-40 and 
Ap'l-42. Recovery of AjJI-^O and Api-42 from the C4 column was 
66% and 28%, respectively. Assuming similar recovery of the 
Ap1-40 and Apl-42(43) in plasma, we found that more than 9S% 
of the BAN''50/BA-27 and BAN-50yBC-05 signals directly measured 
In plasma were due to Ap1^0 and A|31--42(43), respectively. 

Analysis of Api-40 and A^42(43) secreted by fibroblasts. 

Fibroblasts were cultured in minimum essential medium (MEM) con- 
taining 10% FCS, penicillin. Streptomycin, glutamine and 10 mM 
HEPES, pH 7.4. Sister cultures for analyzing fJAPP synthesis or the A(3 
in medium conditioned 2-5 days were processed in parallel, plating 
initially at S0% confluence. Conditioned medium, stored frozen at 
-70 -^C, was thawed and analyzed for Apl-42<43) (BAN'SO/BC-05 
ELISA)^^ or with a BC-05/4G6<anti"Ap1 7-24) ELI5A that measures 
both Api-*42(43) and N-terminally truncated Aps ending at 
Ali42(43) (ref. 2) (for example, Api 7-42(43)). It is preferable to use 
p BC-05/4ca assay rather than a BAN-50/BC-05 assay when measur- 
ing low-level AP ending at Ap42(43) because 4G6-HRP produces less 
background signal than BOOS-HRP. Thus, we employed the BC- 
05/4G8 assay in our initial studies of fibroblast with f>S1 mutations. 
To evaluate Apl --42(43) in the experiments on three ^52^,4^ lines 
versus eight control lines, we prepared multiple batches of BC-05- 
HRP, By selecting a batch With particularly low background, we were 
able to use a BaN-SO/BC-05 assay to analyze the Apl--42(43) 
secreted by these fibroblasts. These measurements showed that 
the concentrations of Ap1-42C43> (BAN-50/BC-05 assay) and 
ApX'^2(43) (BC-05/4G5 assay) were essentially Identical, Indicating 
that in fibroblast medium both assays measure A^1-42(43). This re- 
sult is concordant with previously published data" showing that 
human skin fibroblasts differ from many other cells in that fibroblasts 
overwhelmingly produce full-length 4-kDa Ap and very little P3, To 
assess PAPP Synthesis, cells were pulse-labeled for 20 mIn with iCN 
T^l^NS"S-LABEL and the newly synthesized radiolabeled pAPP w^? 
immunoprecipitated and quantified by phospho^imag£ng'^ Values 
for (AP42(43)/PAPP synthesis) were calculated by dividing the con- 
centration of Ap42(4J) for each eel! line by the pAPP synthesfs for 
that line. 
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